Until relatively recently, influenza was conceptualized as a problem of developed countries, with little consideration given to the frequency and burden of influenza in low-income and tropical countries. This all changed with the widespread reemergence of highly pathogenic avian influenza A/H5N1 virus in 2004 and further intensified with analyses suggesting that Southeast Asia may be the region where influenza A/H3N2 (hereafter referred to as H3N2) viruses undergo evolution before subsequent spread to higher latitudes of the northern and southern hemispheres ([@bib1], [@bib2]). As a result, influenza surveillance and control in Southeast Asia have come to be perceived as important to global public health, with substantial investment in influenza surveillance, antiviral stockpiling, vaccine development, and epidemic preparedness taking place in that region ([@bib3], [@bib4]).

Despite this interest in influenza in Southeast Asia, very few data are available about influenza transmission at the community level. To plan responses to both seasonal and pandemic influenza outbreaks and the optimal application of interventions, such as vaccination, antiviral prophylaxis, or school closure, it is first necessary to have a detailed understanding of how influenza is transmitted within the community ([@bib5]). Community-based studies with follow-up over several years have been a key source of information on the transmission behavior of influenza. These studies have provided important insights into the epidemiology of respiratory infections and crucial information for the design of public-health interventions. They have demonstrated that preschool and school-aged children have the highest rate of respiratory illnesses ([@bib6]--[@bib9]), that mothers have higher attack rates than do fathers ([@bib6], [@bib10]), that children play an important role in the introduction of infection into families ([@bib9], [@bib11]--[@bib13]), and that there are high rates of serologic evidence of infection without corresponding disease ([@bib5], [@bib14], [@bib15]). However, those studies largely took place between the 1940s and early 1980s in the United States, and very few comparable community-based or household-based studies have been undertaken in the tropics. Population densities, family structures, behaviors, mobility, material conditions, health, and climate are different in Southeast Asia compared with the United States, so the epidemiology of influenza might also differ in important ways. In studies of influenza in Southeast Asia, investigators have largely assessed the incidence of influenza-associated clinical illness at health-care facilities or analyzed surveillance and health-care utilization data ([@bib16]--[@bib20]). Such studies are important in quantifying the clinical burden of influenza but cannot provide a full understanding of the epidemiology and transmission of influenza. Recent studies of the pandemic influenza A/H1N1/2009 (hereafter referred to as H1N1) virus have mostly relied on single cross-sectional serology to infer infection rates, but this is a less robust method of identifying recent infection than is the detection of increases in antibody titers in paired sera ([@bib21]). We therefore established a household-based cohort to quantify the burden of influenza infection in a semirural community of northern Vietnam and to gain insights into the epidemiology of influenza in the tropics.

MATERIALS AND METHODS
=====================

Study design and setting
------------------------

A full description of the materials and methods is provided in the [Web Appendix](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1) (available at <http://aje.oxfordjournals.org/>) and only a brief description is provided here. In 2007, a prospective, household-based community cohort was established in Thanh Ha Commune, Thanh Liem District, Ha Nam Province, Vietnam. The primary sampling unit of study was the household, and all households in the Commune were eligible for inclusion in the study. Households were randomly selected from a list of all households using a random number table. If a randomly selected household declined to participate, the next nearest household was approached until a household was successfully recruited. All permanent residents of the household were eligible for inclusion and were asked to participate.

Blood sampling
--------------

Participants who were 5 years of age or older at the time of sampling were asked to provide blood at recruitment and at 3 additional time points. Recruitment blood samples were drawn between December 1 and 7, 2007 (bleed 1). Subsequent draws took place between December 9 and 15, 2008 (bleed 2), June 2 and 4, 2009 (bleed 3), and on the April 3, 2010 (bleed 4). The bleeding time points were not decided a priori but were chosen when national influenza surveillance data indicated that influenza circulation was minimal. The 4 sets of samples provided 3 sets of paired sera.

Surveillance of influenza-like illness
--------------------------------------

Trained hamlet health workers undertook weekly active surveillance of each participating household for episodes of influenza-like illness (ILI) and for changes in household composition. ILI was defined as an illness that included an orally measured body temperature of 38°C or higher and either a cough or a sore throat. Any participant who reported an ILI was asked to provide a nose swab and a throat swab and to complete a 10-day symptom diary.

Definition of exposure and outcome variables
--------------------------------------------

For the purpose of analysis, an influenza season was defined as the period between consecutive bleeds, and an influenza transmission period was defined as the period when influenza was known to be circulating based on clinical cases confirmed using reverse transcription polymerase chain reaction (RT-PCR). Influenza infection was defined as either the detection of influenza RNA in a swab sample using RT-PCR or a 4-fold or greater rise in hemagglutination inhibition antibody titer in paired sera, with a second titer of at least 1:40. If paired sera were not available, a single high titer of at least 1:160 for seasonal influenza or of 1:80 or higher in someone who was less than 40 years of age for pandemic influenza H1N1 was also considered to indicate recent influenza infection. Influenza illness was defined as either the detection of influenza-specific RNA in a swab using RT-PCR and a report of concurrent ILI or serologic evidence of recent influenza infection (see above) plus an ILI episode that occurred during a known period of transmission of the relevant influenza subtype.

Laboratory methods
------------------

Tests for influenza viruses were performed on all nasal and throat swab specimens by using RT-PCR. Influenza hemagglutination inhibition assays were performed using standard methods. Samples that were negative on hemagglutination inhibition assay in the lowest dilution (1:10) were assigned a titer of 1:5 for the purposes of computing seroconversion.

Statistical methods
-------------------

Absolute observed risks of ILI (for subjects under ILI surveillance) and of influenza infection (for subjects under influenza infection surveillance) were calculated per season. Participants were considered to be under ILI surveillance for a particular season if they were under weekly ILI surveillance throughout the influenza transmission period and were considered to be under influenza infection surveillance if they additionally contributed a postseason blood sample.

We used survey analysis methodology to derive risk estimates and associated 95% confidence intervals standardized to the age and sex structure of the Vietnamese rural population based on the 2009 Population and Housing Census. This provides valid inference accounting for effects of the survey design, which was based on cluster sampling by household, and biases in the provision of blood samples. As children under 5 years of age were not asked to give blood samples, standardization for influenza risks was to the portion of the census population who were 5 years of age or older. Standardization was implemented by raking, that is, by repeatedly reweighting the data to match the population age or sex distribution until convergence ([@bib22]).

Seven potential risk factors for influenza infection were predefined. To assess these factors, we pooled data from all 3 seasons and modeled the overall risk of an influenza infection using a logistic mixed-effects model that included the season, a random household effect (to account for potential clustering within households), a random subject effect (to account for potential within-subject correlation between seasons), and the respective risk factor as explanatory variables. All analyses were performed using R, version 2.10.1 (R Foundation for Statistical Computing, Vienna, Austria) and the companion R packages survey 3.22-3 (for survey sampling) and lme4 0.999375-35 (for mixed models) ([@bib23]).

RESULTS
=======

A total of 940 individuals from 270 households were recruited from a study base of 2,127 enumerated households. The household refusal rate was approximately 10%, but we did not keep a record of the number of refusals or the reasons for refusal. The baseline characteristics of the 940 individuals and 270 households are shown in [Table 1](#tbl1){ref-type="table"}. None of the participants had ever received an influenza vaccination. The age distribution of the cohort was significantly different from that of both the Ha Nam province and the national rural population (chi-squared tests; both *P* \< 0.001). This was largely due to an over-representation of persons who were 10--19 years old and an under-representation of persons who were 20--34 years old in the cohort ([Web Figure 1](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1)). The household size distribution of the cohort matched well with that of the Red River Delta rural population (chi-squared goodness-of-fit test, *P* = 0.86).

###### 

Characteristics of Participants and Households at Recruitment, Ha Nam, Vietnam, 2007--2010

  Characteristic                                               No. of Participants   Total No. Assessed   \%
  ------------------------------------------------------------ --------------------- -------------------- ------
  Entire study population                                                                                 
      Age, years                                                                                          
          0--4                                                 83                    929                  8.9
          5--9                                                 70                    929                  7.5
          10--19                                               209                   929                  22.5
          20--39                                               246                   929                  26.5
          40--59                                               241                   929                  25.9
          ≥60                                                  80                    929                  8.6
      Female sex                                               508                   932                  54.5
      Chronic disease[a](#tblfn1){ref-type="table-fn"}         5                     869                  0.6
  Adults (age ≥18 years)                                                             592                  
      Caring for children at home or at work                                                              
          Never                                                284                   569                  49.9
          Sometimes                                            100                   569                  17.6
          Most days                                            185                   569                  32.5
      Current smoker                                           107                   560                  19.1
          Cigarettes smoked per day                                                                       
              ≤5                                               49                    103                  47.6
              6--10                                            45                    103                  43.7
              11--20                                           9                     103                  8.7
  Households                                                                         270                  
      No. of people in the household                                                                      
          1                                                    28                    270                  10.4
          2                                                    41                    270                  15.2
          3                                                    65                    270                  24.1
          4                                                    74                    270                  27.4
          5                                                    42                    270                  15.6
          ≥6                                                   20                    270                  7.4
      Home crowding (\>2 people per room)                      46                    237                  19.4
      School-aged children in household (5--17 years of age)   156                   264                  59.1

There were 2 participants with chronic lung disease, 2 with chronic heart disease, and 1 with chronic liver disease.

The cohort was studied for 3 consecutive influenza seasons, from December 2007 through April 2010. Data on age were missing for 11 of the original cohort members, so they were excluded from all further analysis. Three children were born into participating households during the study. The final total cohort size was 932 people ([Figure 1](#fig1){ref-type="fig"}). Some participants were absent from the study site during periods of influenza transmission and were therefore excluded from analysis of the relevant season. [Figure 1](#fig1){ref-type="fig"} shows the number of participants included in each season's analysis; a total of 1,793 person-seasons of influenza infection surveillance were available. The completeness of bleeds varied by age and sex, with the most complete blood sampling in females in bleed 1 (85%) and the least complete in males in bleed 2 (55%) ([Web Figure 2](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1)).

![Criteria for inclusion of study participants in an assessment of influenza-like illness (ILI) and infection status by influenza season, Ha Nam, Vietnam, 2007--2010.](amjepidkws121f01_ht){#fig1}

The temporal relation among periods of ILI and influenza activity confirmed using RT-PCR and the bleeding time points is shown in [Figure 2](#fig2){ref-type="fig"}. Three clear peaks of influenza A activity were detected: in summer 2008 (influenza transmission period 1: July 1, 2008--September 30, 2008), spring 2009 (influenza transmission period 2: April 1, 2009--June 05, 2009), and autumn 2009 (influenza transmission period 3: September 1, 2009--December 31, 2009). Clear peaks in influenza B activity were not seen. Cocirculation of influenza B, H1N1, and H3N2 viruses was detected in summer 2008 and spring 2009.

![Timeline of influenza-like illness (ILI) cases, influenza illnesses confirmed using reverse transcription polymerase chain reaction (RT-PCR), and cross-sectional bleeds, Ha Nam, Vietnam, 2007--2010.](amjepidkws121f02_ht){#fig2}

[Table 2](#tbl2){ref-type="table"} shows the number of reported ILI episodes in participants under ILI surveillance, the age- and sex-standardized ILI risk per season, and the number of swabs determined to be positive for influenza using RT-PCR in participants who reported an ILI. The standardized risk of ILI per season ranged from 14.1% in season 1 to 4.9% in season 3. The maximum risk of RT-PCR-confirmed influenza illness occurred among participants who were 5--19 years old in season 3; 5% of this age group was affected. In season 1, the influenza A virus strains detected in the cohort were A/H1N1/Brisbane/59/2007-like and A/H3N2/Brisbane/10/2007-like; in season 2, they were A/H1N1/Brisbane/59/2007-like and A/H3N2/Perth/16/2009-like; and in season 3, it was A/H1N1/California/7/2009-like. There was cocirculation of influenza B Yamagata lineage and Victoria lineage in both season 1 and season 2, with a predominance of Yamagata lineage in season 1 and Victoria lineage in season 2. In seasons 1 and 2, the overall rate of successful detection of influenza viruses from respiratory swabs was 18.4%, with the detection rate being highest in children who were 4 years of age or younger (50%) and declining with increasing age to 8.9% in persons 40 years of age or older.

###### 

Episodes of Influenza-Like Illness and Influenza Virus Detections by Season and Age Group, Ha Nam, Vietnam, 2007--2010

                                                                          Age at the Beginning of the Season, years                                                                                                               
  ----------------------------------------------------------------------- ------------------------------------------- ----- ----------- ----- ------ ------------ ----- ------ ----------- ----- ------ ------------ ----- ------ ------------
  Season 1                                                                84                                                            273                       240                      319                       916          
      No. reporting an ILI episode                                        4                                           4.8               42    15.4                31    12.9               57    17.9                134   14.6   
      Standardized ILI risk per season[a](#tblfn3){ref-type="table-fn"}                                               5.3   0.3, 10.2         15.5   10.5, 20.4         11.7   7.9, 15.4         17.8   13.5, 22.1         14.1   11.3, 16.8
      Influenza A/H1N1 virus detected using RT- PCR                       1                                           1.2               6     2.2                 2     0.8                1     0.3                 10    1.1    
      Influenza A/H3N2 virus detected using RT- PCR                       0                                           0.0               1     0.4                 1     0.4                1     0.3                 3     0.3    
      Influenza B virus detected using RT- PCR                            1                                           1.2               4     1.5                 1     0.4                3     0.9                 9     1.0    
  Season 2                                                                59                                                            284                       226                      326                       895          
      No. reporting an ILI episode                                        0                                           0.0               16    5.6                 13    5.8                22    6.7                 51    5.7    
      Standardized ILI risk per season[a](#tblfn3){ref-type="table-fn"}                                               0.0                     5.7    2.9, 8.5           4.6    2.1, 7.1          6.9    3.8, 9.9           5.2    3.5, 6.9
      Influenza A/H1N1 virus detected using RT- PCR                       0                                           0.0               4     1.4                 0     0.0                0     0.0                 4     0.4    
      Influenza A/H3N2 virus detected using RT- PCR                       0                                           0.0               3     1.1                 2     0.9                2     0.6                 7     0.8    
      Influenza B virus detected using RT- PCR                            0                                           0.0               1     0.4                 0     0.0                0     0.0                 1     0.1    
  Season 3                                                                54                                                            279                       225                      329                       887          
      No. reporting an ILI episode[b](#tblfn4){ref-type="table-fn"}       3                                           5.6               21    7.5                 11    4.9                10    3.0                 45    5.1    
      Standardized ILI risk per season[a](#tblfn3){ref-type="table-fn"}                                               5.8   0.0, 12.2         7.5    4.3, 10.6          4.4    1.4, 7.4          2.7    1.0, 4.3           4.9    3.1, 6.6
      Pandemic influenza A virus detected                                 0                                           0.0               14    5.0                 7     3.1                3     0.9                 24    2.7    

Abbreviations: CI, confidence interval; ILI, influenza-like illness; RT-PCR, reverse transcription polymerase chain reaction.

Standardized to age and sex distribution of the Vietnamese national rural population according to the 2009 Population and Housing Census.

Five subjects reported 2 ILI episodes during the season.

Unadjusted and standardized estimates of influenza infection and influenza illness rates per season are shown in [Table 3](#tbl3){ref-type="table"}. This analysis is restricted to those participants who were under ILI surveillance and who also provided at least 1 end-of-season blood sample ([Figure 1](#fig1){ref-type="fig"}). Standardized estimates of the risk of acquiring any influenza infection per season in persons 5 years of age or older were 21.1% in season 1, 26.4% in season 2, and 17% in season 3. H3N2 infection was more common in season 2 than in season 1 after a change in the circulating virus strain from A/H3N2/Brisbane/10/2007-like to A/H3N2/Perth/16/2009-like.

###### 

Unadjusted and Standardized Risks of Influenza Infection and Influenza Illness by Season in Persons 5 Years of Age or Older, Ha Nam, Vietnam, 2007--2010

  Season and Influenza Type/Subtype          No. of Seroconversions   No. of Single High Titers   Positive RT-PCR[a](#tblfn6){ref-type="table-fn"}   Observed Influenza Infections   Standardized[b](#tblfn7){ref-type="table-fn"} Influenza Infection Risk   Observed Influenza Illnesses   Standardized[b](#tblfn7){ref-type="table-fn"} Influenza Illness Risk                                       
  ------------------------------------------ ------------------------ --------------------------- -------------------------------------------------- ------------------------------- ------------------------------------------------------------------------ ------------------------------ ---------------------------------------------------------------------- ------------ ---- ----- ----- ----- ----------
  Season 1 (*n* = 555)                                                                                                                                                                                                                                                                                                                                                                                  
      Any[c](#tblfn8){ref-type="table-fn"}   116                      0                           17 (4)                                             120                             555                                                                      21.6                           21.1                                                                   17.4, 24.7   28   555   5.0   4.5   2.8, 6.3
      Influenza A/H1N1                       36                       0                           8 (4)                                              40                              555                                                                      7.2                            7.4                                                                    5.0, 9.8     8    555   1.4   1.3   0.3, 2.3
      Influenza A/H3N2                       13                       0                           3 (0)                                              13                              555                                                                      2.3                            2.3                                                                    0.8, 3.8     3    555   0.5   0.6   0.0, 1.3
      Influenza B                            69                       0                           6 (1)                                              70                              555                                                                      12.6                           12.0                                                                   8.8, 15.2    17   555   3.1   2.6   1.3, 4.0
  Season 2 (*n* = 640)                                                                                                                                                                                                                                                                                                                                                                                  
      Any[d](#tblfn9){ref-type="table-fn"}   152                      23                          12 (3)                                             178                             640                                                                      27.8                           26.4                                                                   22.6, 30.2   17   640   2.7   2.4   1.2, 3.7
      Influenza A/H1N1                       46                       7                           4 (2)                                              55                              640                                                                      8.6                            8.3                                                                    6.1, 10.5    5    640   0.8   0.8   0.1, 1.6
      Influenza A/H3N2                       71                       12                          7 (1)                                              84                              640                                                                      13.1                           11.8                                                                   9.0, 14.6    8    640   1.2   1.0   0.2, 1.9
      Influenza B                            59                       7                           1 (1)                                              67                              640                                                                      10.5                           10.2                                                                   7.7, 12.7    4    640   0.6   0.6   0.0, 1.1
  Season 3 (*n* = 598)                                                                                                                                                                                                                                                                                                                                                                                  
      Influenza A/H1N1                       98                       6                           18 (5)                                             109                             598                                                                      18.2                           17.0                                                                   13.6, 20.4   17   598   2.8   2.6   1.3, 3.9

Abbreviations: CI, confidence interval; RT-PCR, reverse transcription polymerase chain reaction.

Numbers in parentheses refer to samples determined to be positive using RT-PCR without documented seroconversion or single high titer.

Standardized to age and sex distribution of the Vietnamese national rural population according to the 2009 Population and Housing Census.

One subject had both influenza A/H1N1 and influenza A/H3N2 seroconversion, 1 subject had both influenza A/H1N1 and influenza B seroconversion, and 1 subject was H1N1-postive according to RT-PCR (but no seroconversion) and had influenza B seroconversion.

Four subjects were infected with all 3 influenza subtypes, 5 with H1N1 and H3N2, 7 with H1N1 and influenza B, and 8 with H3N2 and influenza B.

In all, 427 participants could be assessed for influenza infection over all 3 seasons, 242 (56.7%) of whom showed evidence of at least 1 acute influenza infection over the whole study period. After adjustment for the household-based sampling design and standardization to the age and sex structure of the Vietnam rural population, the estimated risk of any influenza infection in people 5 years of age or older over the entire 3-season period was 55.4% (95% confidence interval (CI): 49.6, 61.2). In all seasons, the estimated influenza illness risks were substantially lower than the infection risks. The percentages of identified influenza infections in which an influenza illness was also detected were 14% (13 of 95) for H1N1, 11% (11 of 97) for H3N2, 15% (21 of 137) for influenza B, and 16% (17 of 109) for H1N1/2009.

Multiple episodes of influenza infection by different influenza types/subtypes in the same season (multiple infections) were identified in 27 individuals; 23 had evidence of infection by 2 types/subtypes and 4 had evidence of infection by all 3 types/subtypes ([Table 3](#tbl3){ref-type="table"}). Reinfection with the same influenza type/subtype in season 2 as in season 1 was detected in 8 participants (H3N2 = 1 older adult (≥40 years of age); seasonal H1N1 = 2 children between 5 and 14 years of age; and influenza B = 4 children between 10 and 14 years of age and 1 older adult). In addition, 14 participants who had been infected with seasonal H1N1 in season 1 (1 child 5--9 years of age and 3 adults) or season 2 (6 children 5--14 years of age and 4 adults) were also infected with pandemic H1N1 in season 3.

Influenza infection risk varied by age most clearly in season 3, when pandemic influenza H1N1 first circulated in the cohort and infected a large proportion of children and young adults ([Figure 3](#fig3){ref-type="fig"}). Age patterns in infection risk were less marked for interpandemic strains. The highest risk of infection with H3N2 (seasons 1 and 2) and H1N1 (season 1 only) was in children 5--9 years of age. In season 2, the highest risk of H1N1 infection was in people 10--19 years of age. To assess the significance of the apparent age-dependent peaks of H3N2 infections in season 2, we applied the same methodology as we did for [Table 4](#tbl4){ref-type="table"} (without a random effect for patient because there is only 1 patient record per season). In season 2, we observed significantly higher H3N2 risks in children less than 10 years of age (odds ratio = 3.47, 95% CI: 1.37, 8.79; *P* = 0.009) and persons 10--20 years of age (odds ratio = 2.3, 95% CI: 1.02, 5.17; *P* = 0.043) than in individuals who were 20--39 years old. The second peak for persons 40 years of age or older was borderline significant, with an odds ratio of 2.12 (95% CI: 0.99, 4.54; *P* = 0.052). [Web Figure 3](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1) and the [Web Table](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1) show the proportions of participants with influenza infection per season by age group and type/subtype compared with those from previously published household-based cohort studies.

###### 

Risk Factors for Influenza Infection Aggregated Over Influenza Subtypes and Seasons, Ha Nam, Vietnam, 2007--2010

                                                                                             Aggregated[a](#tblfn11){ref-type="table-fn"} Observed Absolute Influenza Infection Risk per Season   Univariate Association   *P* Value[b](#tblfn12){ref-type="table-fn"}   Multivariate Association[c](#tblfn13){ref-type="table-fn"}   *P* Value[b](#tblfn12){ref-type="table-fn"}                                                                   
  ------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------- ------------------------ --------------------------------------------- ------------------------------------------------------------ --------------------------------------------- ------------------------------------------- ------ ------------ ---------
  Age, years                                                                                                                                                                                                                                                                                                                                                                                                                                        
      5--9                                                                                   79                                                                                                   189                      41.8                                          3.65                                                         2.50, 5.34                                    \<0.001[d](#tblfn14){ref-type="table-fn"}   4.15   2.41, 7.13   \<0.001
      10--19                                                                                 120                                                                                                  408                      29.4                                          2.11                                                         1.52, 2.91                                                                                2.34   1.44, 3.79   
      20--39                                                                                 88                                                                                                   513                      17.2                                                                                                       Baseline                                                                                                      
      ≥40                                                                                    120                                                                                                  683                      17.6                                          1.06                                                         0.77, 1.45                                                                                1.10   0.77, 1.58   
  Sex[e](#tblfn15){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                             
      Male                                                                                   164                                                                                                  745                      22.0                                                                                                                                                                                                                     
      Female                                                                                 243                                                                                                  1,048                    23.2                                          1.07                                                         0.85, 1.35                                    0.55                                        1.06   0.81, 1.38   0.66
  No. of persons in the household                                                                                                                                                                                                                                                                                                                                                                                                                   
      1--2                                                                                   31                                                                                                   185                      16.8                                          0.64                                                         0.39, 1.04                                    0.25                                        0.76   0.43, 1.33   0.81
      3                                                                                      83                                                                                                   350                      23.7                                                                                                                                                                                                                     
      4                                                                                      138                                                                                                  590                      23.7                                          1.00                                                         0.71, 1.42                                                                                0.98   0.69, 1.40   
      ≥5                                                                                     155                                                                                                  668                      23.2                                          0.98                                                         0.70, 1.39                                                                                0.98   0.61, 1.56   
  Home crowding (\>2 people per room)                                                                                                                                                                                                                                                                                                                                                                                                               
      No                                                                                     250                                                                                                  1,132                    22.1                                                                                                                                                                                                                     
      Yes                                                                                    119                                                                                                  507                      23.5                                          1.10                                                         0.84, 1.44                                    0.50                                        0.90   0.60, 1.35   0.62
  Caring for children at work or home[f](#tblfn16){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                             
      No                                                                                     84                                                                                                   549                      15.3                                                                                                                                                                                                                     0.18
      Sometimes                                                                              36                                                                                                   201                      17.9                                          1.23                                                         0.77, 1.95                                                                                1.40   0.89, 2.21   
      Most days                                                                              88                                                                                                   435                      20.2                                          1.40                                                         0.98, 2.01                                    0.18                                        1.37   0.93, 2.00   
  School-aged children (5--17 years of age) in household[f](#tblfn16){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                          
      No                                                                                     83                                                                                                   462                      18.0                                                                                                                                                                                                                     
      Yes                                                                                    131                                                                                                  767                      17.1                                          0.94                                                         0.67, 1.32                                    0.72                                        0.87   0.61, 1.26   0.47
  Smoking[f](#tblfn16){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                         
      No                                                                                     172                                                                                                  970                      17.7                                                                                                                                                                                                                     
      Yes                                                                                    32                                                                                                   200                      16.0                                          0.87                                                         0.56, 1.34                                    0.53                                        0.89   0.54, 1.45   0.63

Abbreviations: CI, confidence interval; OR, odds ratio.

Wald-type test for the significance of the whole factor.

Aggregated over all seasons and influenza subtypes (but only pandemic influenza was assessed in season 3).

Adjusted for all other covariates in the model. Covariates that are reported in adults only for the univariate associations were included as indicator variables with value 0 for children.

Also significant for H1N1 alone (*P* \< 0.001), H3N2 alone (*P* = 0.02), and pandemic H1N1 alone (*P* \< 0.001) but not for influenza B alone (*P* = 0.33).

Univariate analysis of sex for adults only was also not significant.

Variables studied only in adults 18 years of age or older.

###### 

Risk of influenza infection by season, influenza subtype, and age group, Ha Nam, Vietnam, 2007--2010. Models were adjusted for household clustered design and standardized to the age and sex distribution of the Vietnam national rural population 5 years of age or older. A) Seasonal influenza A/H1N1; B) influenza A/H3N2; C) influenza B; and D) pandemic influenza A/H1N1/2009. Bars, 95% confidence interval.
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Risk factors for influenza infection were explored in univariate and multivariate analysis ([Table 4](#tbl4){ref-type="table"}). Age was significantly associated with the risk of influenza infection in both univariate and multivariate analysis. This association was also observed for interpandemic H1N1 and H3N2 and pandemic H1N1 when they were analyzed separately but not for influenza B ([Table 4](#tbl4){ref-type="table"}). The highest risk of influenza infection was in children 5--9 years of age, in whom the observed absolute risk of influenza infection per season was 41.8%. The lowest infection risk was in adults who were 20--39 years old. There was no observed sex effect ([Table 4](#tbl4){ref-type="table"}, [Web Figure 4](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1)), and no other covariates were significantly associated with influenza infection risk in either univariate or multivariate analyses.

DISCUSSION
==========

The present study is one of the first to prospectively quantify the incidence of influenza infection in the same individuals over multiple seasons in a tropical setting. It demonstrates that influenza infection is common, with an average estimated risk of influenza infection in a single season of between 17% and 26%, with approximately 57% of people experiencing at least 1 acute influenza infection in a 3-year period. These estimates are minimum estimates because we used the hemagglutination inhibition assay, which is less sensitive than the microneutralization assay, and conservative definitions of laboratory evidence of influenza infection ([@bib24]). Although varying study designs, laboratory methods, data availability, and periods of influenza emergence and reemergence confounded direct comparison with earlier family studies in temperate settings, the levels of infection we identified were similar, as shown in [Web Figure 3](http://www.aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kws121/-/DC1) ([@bib9], [@bib10], [@bib14], [@bib15], [@bib25]--[@bib29]). Although the rates we observed were generally in the lower range of those reported in other household studies, most of these previous studies recruited only households with infants or young children and did not standardize the results to the general population structure. For example, children 5--14 years old constituted 47% of the Cleveland Family Study during the H2N2 pandemic ([@bib14]). Also, we were not able to obtain blood samples from children who were less than 5 years of age, a subgroup expected to have high rates of infection. The 17% infection rate for pandemic influenza H1N1 in our study was similar to rates in contemporary seroepidemiology reports from other areas ([@bib30]--[@bib34]).

As found in other longitudinal studies, multiple infections in the same season with different influenza types/subtypes and reinfection with the same subtype in consecutive seasons do occur, and although more common in children, they can occur in persons of any age ([@bib8], [@bib15], [@bib35]--[@bib38]).

Between 11% and 16% of influenza infections resulted in an illness that was detected by weekly active ILI surveillance. Our figures of the proportion of infections that cause clinically detected illness were lower than estimates obtained by Monto ([@bib39]), who found that at least 15%--25% of H3N2 infections and 19%--34% of influenza B infections resulted in clinical disease. Although this might have been a real effect, perhaps influenced by the slightly greater proportion of participants 40 years of age or older in our study compared with the Tecumseh study, it may have also represented a reporting bias, with a greater propensity for participants to report illnesses in Tecumseh in the 1970s than in our study site.

The data reveal clear variations in the risk of influenza by age and influenza subtype. As observed elsewhere, the 2009 H1N1 pandemic resulted in very high infection rates in young children, and those rates dropped sharply with age. The high rates of H1N1/2009 in persons 5--29 years of age, which exceed those seen for any other subtype and season, may be explained by the immunologic naivety of this age group to this antigenic hemagglutinin variant. The low rates of infection with pandemic H1N1 in older adults indicate that long-lived and cross-protective immunity against H1N1 might be induced either by repeated infection or by infection with an antigenically related virus ([@bib40], [@bib41]). Similar long-lived protection was observed when H1N1 reemerged in 1977 after an absence of 20 years ([@bib26], [@bib39]).

H3N2 infections in season 2 (when a drifted variant circulated) were highest in school-aged children, with a second peak in older adults. In a recent cross-sectional seroprevalence study from Canada, Skowronski et al. ([@bib42]) also found a second peak in H3N2 titers in people who were 60 years of age or older, and there is ample evidence that adults experience higher rates of infection and reinfection with H3N2 that with other influenza types/subtypes ([@bib28], [@bib43]--[@bib47]). These serologic measures of risk also translate into clinical illness, with H3N2 more commonly causing clinical illness in adults in the community and in institutional care compared with other influenza viruses ([@bib48]--[@bib52]). We observed a fairly constant risk of influenza B infection across the whole age range. This contrasts with some earlier studies in temperate countries in which influenza B risk peaked in preschool or school-aged children ([@bib15], [@bib26], [@bib27], [@bib29]). Although this pattern may be due to the absence of an influenza B epidemic during the study period, the influenza B infection rates were moderately high and the age distribution could therefore be the consequence of prolonged circulation of influenza B viruses without the opportunity for a build-up of a large cohort of susceptible children.

One possible explanation for the more even age distribution of the risk of interpandemic influenza infection in our study compared with some historic studies in temperate climates is that temporal changes in climate suitability and school-related contact behaviors have a lesser effect on transmission probabilities in the tropics, resulting in less intense school-based transmission and proportionately greater community-based transmission. Multiple epidemics per year and more prolonged virus circulation might also limit the pool of susceptible children. In this respect, it is relevant that, in contrast to community studies conducted in temperate settings, we identified neither an increased risk of influenza infection in women compared with men nor an association between caring for children or the presence of a school-aged child in the house and the risk of influenza in adults. This may have important implications for the impact of school closure and childhood vaccination on the transmission of interpandemic influenza in tropical areas such as Vietnam. Although school closure was reported to be effective in reducing transmission of H1N1/2009 in Hong Kong, our study shows that the age distribution of H1N1/2009 infection was not characteristic of interpandemic influenza in the tropics ([@bib53]). Longitudinal studies like the present study that follow individuals of all ages over multiple seasons with serial serology provide not only the most robust estimates of true influenza infection incidence but also information that is critical for understanding influenza epidemiology in the tropics and for planning effective influenza control strategies.
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